Assay procedures were developed for a soluble glycerol kinase [apparent K, (glycerol) 9 pM] and a probably membrane-associated, NAD-independent ~-glycerol-3-phosphate dehydrogenase [apparent K, (L-glycerol 3-phosphate) 7 mM] present in Streptomyces coelicolor A3(2). Both enzymes were cold sensitive. They were co-ordinately induced (about 35-fold) by addition of glycerol to cultures growing on arabinose as sole carbon source. Induction was rifampicin sensitive. The dehydrogenase was absent from glycerol-sensitive mutants, and both kinase and dehydrogenase were absent from glycerol non-utilizing (but glycerol-resistant) mutants, demonstrating that the two enzymes are part of the major pathway of glycerol catabolism in S . coelicolor. Circumstantial evidence suggested that their inducer is glycerol 3-phosphate rather than glycerol. The enzymes were subject to co-ordinate repression by various carbon sources, of which glucose exerted the strongest effect (a fivefold repression). Previously described mutants resistant to 2-deoxyglucose, shown here to have very low glucose kinase activity, were defective in glucose repression of the glycerol enzymes.
INTRODUCTION
Although much is known about the regulation of gene expression in enteric bacteria, the control of transcription and translation in the genus Streptomyces is virtually unexplored. Streptomycetes are phylogenetically and ecologically distinct from enteric bacteria. Their life cycle is characterized by a complex process of morphological differentiation. In addition, they can make a remarkable variety of chemically diverse secondary metabolites including antibiotics and pigments which, for the most part, are not essential for their growth. These biosynthetic processes may require mechanisms of gene regulation not found in functionally simpler prokaryotes.
At the molecular level, the guanine (G) plus cytosine (C) content of Streptomyces DNA (72%) is much higher than that of Escherichia coli DNA (51 %) (Benigni et al., 1975) . Promoter and terminator regions, which in E. coli tend to contain higher proportions of adenine (A) plus thymine (T) nucleotides than the rest of the DNA (Rosenberg & Court, 1979) , may have different structures in bacteria containing such a low proportion of A and T bases. This in turn may require different mechanisms for controlling the initiation and termination of transcription.
In order to study gene regulation in Streptomyces we have applied biochemical and genetic analysis to a carbon catabolic pathway of S. coelicolor A3(2), genetically the best characterized streptomycete (Hopwood et al., 1973) . Carbon catabolic genes were chosen, since in several other micro-organisms they are controlled by two regulatory mechanisms, substrate induction t Present address : Biochemical Development Division, Eli Lilly & Co., Indianapolis, Indiana 46206, U.S.A.
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Recent studies showed that uptake systems for several carbon sources in S. coelicolor were induced by their substrates and repressed by glucose at the level of transcription (Hodgson, 1982) . Two glycerol-induced glycerol transport systems were identified, one apparently operating by facilitated diffusion and the other by active transport. Only the latter system was subject to glucose repression. Repression of this and other uptake systems by glucose was relieved in mutants (DogR) resistant to 2-deoxyglucose, all of which were impaired to some degree in glucose utilization.
This report describes the identification, assay and some relevant properties of two glycerol catabolic enzymes in mycelial extracts of S. coelicolor : a soluble glycerol kinase (EC 2.7.1 .30) and a probably membrane-associated, NAD-independent ~-glycerol-3-phosphate dehydrogenase (G3P dehydrogenase; EC 1 , l . 99.5). Co-ordinate regulation oi the enzymes by substrate induction and catabolite repression was demonstrated. In addition, glycerol non-utilizing (Gyl) mutants were shown to lack one or both of these enzymes.
METHODS
Organisms and culture techniques. The bacterial strains (Table 1) were all derivatives of Streptomyces coelicolor A3(2) (Hopwood et al., 1973) . Spores were obtained from surface growth on either CM (Hopwood, 1967) or R2YE (Thompson et al., 1980; Chater et al., 1982) medium, and they were stored at -20 "C as suspensions in either 20% (v/v) glycerol or 10% (v/v) DMSO.
Liquid medium and cultivation. Minimal liquid growth medium (LMPC) contained (g 1-l): (NH4)2 SO,, 2; MgS04.7H20, 0.6; vitamin-free Casamino acids (Difco), 2; PEG 6000 (BDH), 50; carbon source, 5 ; FeSO,. 7H@, 0.001; MnC1,.4H20, 0.001 ; ZnS04.7H20, 0.001 ; CaC12, 0.001; and 150 ml O.I-M-KH,PO,/ NaOH buffer l-l, pH 6.8. Cultures were grown in LMPC (125 ml) in Erlenmeyer flasks (500 ml) fitted with 1-3 cm diameter stainless steel springs (Hodgson, 1982) . Spore inocula were heat shocked and pre-incubated for 4-8 h in an enriched medium (Hodgson, 1982) . The growth medium was inoculated to an A600 of 0.05. The cultures were incubated at 30 "C on a rotary shaker, generally for 12-16 h at 200 r.p.m., prior to the preparation of mycelial extracts.
Enriched liquid growth medium (YEME) contained (g 1-l): yeast extract (Difco), 3; Bacto-peptone (Difco), 5 ; malt extract (Oxoid), 3; and glucose, 10. Growth conditions were as described for LMPC except that the spore inocula were neither heat shocked nor pre-germinated.
Preparation of mycelial extracts. Mycelium was obtained from actively growing cultures in the middle or late phase of exponential growth (A600 < 1.0). The mycelium from 125-250ml of culture was collected by centrifugation and washed twice with ice-cold 0.9% (w/v) NaC1. The pellet was resuspended in 6 ml PED buffer (75 ~M -K H~P O , , 2 m~-D T T , 1 mM-EDTA, pH 7.0) and the mycelium was disrupted by ultrasonic vibration (three 15 s treatments with 30 s intervals, output 5 A) from a Soniprobe (Dawes Instruments, London) while being chilled in an alcohol ice bath (for an account of the development of these optimized conditions see Seno, 1982) . Both low speed (12000g, 30 min) and high speed (105000 g, 60 min) supernatant fractions were prepared. For preparation of the low speed supernatant (S12) fraction, crude lysate (2 ml) was mixed with 57% (w/v) PEG 6000 Flury (1973) John Innes Collection * aga, mutation affecting agar utilization ; dog, resistant to 2-deoxyglucose ; gyl, mutation preventing glycerol utilization.
(1 ml) and centrifuged at 10000 r.p.m. for 30 min in a Sorvall SS-34 rotor or equivalent at 4 "C. The high-speed supernatant (Sl05) fraction was prepared in a Beckman Type 50 rotor or an MSE 10 x 10 ml rotor at 40000 r.p.m. for 60 min at 4 "C. Mycelial extracts for enzyme assays were maintained at 0 "C unless otherwise noted.
When mycelium was frozen prior to the preparation of cell-free extracts, the washed mycelial pellet was overlaid with PED buffer and stored at -20°C or -70°C.
Enzyme assays. Glucose kinase activity was measured by either of two spectrophotometric assays as described by Maitra (1970) with some modifications. In the first method, the formation of glucose 6-phosphate (G6P) was coupled to the reduction of NADP through glucose-6-phosphate dehydrogenase (G6PD). The reaction mixture contained (in 2 ml): 50 mM-triethanolamine/HCl, pH 7.4; 10 mM-MgC1, ; 0-5 mM-NADP; 1 mM-ATP; 1.4 units G6PD; and up to 50 p1 of mycelial extract. The solution was divided between two cuvettes and, after monitoring the A340 for 1 min, the reaction was started by the addition of glucose (10 mM) to the sample cuvette.
In the second method, the formation of ADP from ATP was coupled to the oxidation of NADH through pyruvate kinase (PYK) and lactate dehydrogenase (LDH) as shown in the following scheme :
The reaction mixture contained (in 2 ml): 50 mM-triethanolamine/HCl adjusted to pH 7.4 with KOH; 10 mMMgCl,; 0.25 mM-NADH; 2 mM-ATP; 1 mM-PEP; 3.2 units PYK; 11 units LDH; and up to 50pl of the S105 fraction of the mycelial extract. The solution was divided between two cuvettes and monitored at 340 nm for 1 min. The reaction was started by the addition of glucose (10 mM) to the sample cuvette. Glycerol kinase was assayed by the PYK/LDH assay as described for glucose kinase except that glycerol (10 mM) was added as the substrate rather than glucose. Samples of the S105 fraction of the mycelial extract for glycerol kinase assay were maintained at 25 "C for at least 1 h prior to assay because of the instability of the enzyme at 0 "C (see Results).
G3P dehydrogenase was assayed by a modification of the method of Kistler & Lin (1971) . The reaction mixture contained (in 2 ml): 70 mM-KH2P04, pH 7.5; 20% (w/v) PEG 6000; 76 pg MTT; 46 pg PMS; 1 mM-KCN; and up to 200 pl of the S12 fraction of mycelial extracts. The viscous solution was mixed by inversion and divided between two cuvettes. After monitoring the A S T O for 1 min, D L -G~P (50 mM) was added to the sample cuvette, which was immediately covered with Parafilm and mixed by inversion. The reaction was followed by the increase in absorbance at 570 nm resulting from the reduction of MTT.
All enzyme assays were performed in a PYE Unicam SP 8-200 double-beam spectrophotometer on samples maintained at 25 "C. One unit of enzyme activity was the amount catalysing the conversion of 1 pmol of substrate in 1 min at this temperature. Units of glucose kinase or glycerol kinase activity were calculated from the absorption coefficient at 340 nm of NADPH or NADH, 6.22 mM-' cm-'. Units of G3P dehydrogenase activity were determined from the absorption coefficient at 570 nm of reduced MTT, 17 mM-' cm-l (Kistler & Lin 1971) .
Protein was measured in the SI2 fractions by the biuret method as described by Herbert er al. (197i), using bovine serum albumin as the standard.
Induction time-course experiments. Cultures were grown in LMPC with arabinose as the carbon source to densities of 0.34-5 (A,oo). Individual 150 ml cultures were combined in a 2 litre flask and shaken for 20 min at 30 "C in a rotary shaker (200 r.p.m.). A sample was taken for the determination of uninduced enzyme levels and glycerol was added to 0.5% (w/v) final concentration (culture volume at this stage was 1430 ml or, in the rifampicin-treated culture, 460 ml). Samples (150 ml) were collected at various times after glycerol addition into centrifuge bottles containing 15 mg chloramphenicol (100 pg ml-1 final concentration). The mycelial pellet was washed twice with 0.9% (w/v) NaCl containing 50 pg ml-l chloramphenicol. Mycelial extracts were prepared and enzymes were assayed as described above.
Chemicals and enzymes. Triethanolamine/HCl; MTT ; PMS ; DL-a-glycerophosphate hexahydrate, disodium salt; bovine serum albumin; rifampicin and DTT were obtained from Sigma. ATP, disodium; NADP, disodium; NADH, disodium; PEP, potassium; glucose-6-phosphate dehydrogenase; pyruvate kinase; lactate dehydrogenase, and chloramphenicol were purchased from Boehringer. All carbon sources were obtained from BDH. All sugars were the D-isomers except arabinose, which was the L-isomer.
E . T. S E N 0 A N D K . F . C H A T E R R E S U L T S
Assay and properties of glycerol kinase Several assays for glycerol kinase have been described (Hayashi & Lin, 1967; Thorner, 1975) . Since we were interested in catabolite repression, a regulatory mechanism affecting multiple pathways, we selected an assay which could be used to measure ATP-dependent phosphorylating enzymes for various carbon sources. The PYK/LDH coupled assay measures the rate of formation of ADP from ATP in the presence of the phosphorylating enzyme and its substrate (see Methods).
Initial attempts to use the assay to measure glucose kinase activity in 30000g supernatant fractions of mycelial extracts were hampered by high background rates of NADH oxidation. This loss of NADH was independent of all other assay components, suggesting that it was due to NADH dehydrogenase, an enzyme primarily associated with the cell membrane (Bergsma et a/., 1981). Preparation of supernatant fractions of cell extracts at 105000g for 1 h (S105 fraction) removed about 95 % of the substrate-independent NADH-oxidizing activity. The remaining slow oxidation of NADH was effectively normalized by using a reference cuvette containing all of the assay components except the substrate. This ensured measurement only of substratedependent NADH oxidation. Glucose kinase activities measured in S105 fractions by the PYK/LDH assay were within 10% of those measured by the glucose 6-phosphate-specific G6PD coupled assay. This indicated that the PYK/LDH coupled assay could be used to obtain reliable measurements of sugar (or sugar alcohol) phosphorylating activity in the S105 fraction of inycelial extracts.
With glycerol as the substrate in the PYK/LDH assay, significant phosphorylating activity was detected only in extracts of mycelium grown with glycerol as the carbon source. The activity was directly proportional to the concentration of extract to a value of 0-4 A340 units min-l. The activity increased with increasing glycerol concentration to a level of 6 0 p~ at which point maximal activity was attained. A Lineweaver-Burk plot of the data indicated a K , for glycerol of about 9 VM. The glycerol phosphorylating activity was essentially constant when the pH of the assay buffer was varied between 7.0 and 8-5.
The S. coelicolor glycerol kinase was stable in mycelial extracts at 25 "C for at least 5 h, but the enzyme lost nearly 50% of its activity when maintained at 0 "C for 8 h (Fig. la) . When the sample kept at 0 "C was incubated at 25 "C, the activity increased to about 85% of the original value in 20 min (Fig. 1 b) .
Assay and properties of ~-glycerol-3-phosphate dehydrogenase (G3P dehydrogenase) Extracts of mycelium grown in medium containing glycerol as the carbon source contained G3P dehydrogenase activity. However, the enzyme was unstable in the assay buffer, losing about 50% of its activity in 4 min at 25 "C. Glycerol (lo%, v/v and 20%, v/v) , ethylene glycol (30%, v/v) and bovine serum albumin (0.5%, w/v and 1 %, w/v) failed to stabilize the enzyme.
PEG 6000 at 10% and 15% (w/v) conferred partial stability, and at 20% it completely stabilized the G3P dehydrogenase for at least 4 min at 25 "C.
In order to determine the stability of G3P dehydrogenase in the mycelial extract, a sample of a low speed supernatant fraction which had been maintained at 0°C for several hours was incubated at 25 "C. Aliquots of this sample and the portion kept at 0 "C were assayed at various intervals for G3P dehydrogenase activity (Fig. 2a) . The activity of the enzyme increased rapidly at 25 "C to 150% of its initial value in 25 min, and then declined. G3P dehydrogenase activity decreased slowly in the sample kept at 0 "C. When a portion of the 0 "C sample was incubated at 25 "C, a rapid increase in activity was again observed (Fig. 2b) . Supplementation of the crude extract with 19% (w/v) PEG 6000 immediately after sonication stabilized the enzyme at 0 "C and 25 "C for at least 3 h.
G3P dehydrogenase activity increased linearly with the concentration of the mycelial extract in the assay to a value of at least 0.5 units min-'. The activity increased with D L -G~P concentration to 40 mM. The K , for D L -G~P was 14 mM. Since the enzyme probably recognizes only the L-isomer, the K , for the actual substrate, L -G~P would be 7 mM. Fig. 2 . Stability of G3P dehydrogenase in mycelial extracts. An S12 fraction was prepared from a mycelial extract of glycerol-grown 5802 as described, except that PEG 6000 was omitted. (a) After maintenance at 0 "C for several hours a portion was incubated at 25 "C ( 0 ) and the remainder was kept at 0 "C (a). Samples were assayed for G3P dehydrogenase activity at the indicated times. (b) The portion maintained at 0 "C was incubated at 25 "C and assayed periodically as indicated.
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6.5
7.0 7.5 8.0 PH Fig. 3 . Effect of pH on the activity of G3P dehydrogenase. G3P dehydrogenase activity, in samples of the S12 fraction of an extract of glycerol-grown 5802, was measured as described except that the pH of the assay buffer (70 mM-KH,PO,, 20%, w/v, PEG 6000) was varied as indicated. 
Glycerol kinase and G3P dehydrogenase activity in gyl mutants
The cultures were grown overnight in LMPC containing 0.5% (w/v) arabinose to an A,,, of less than 1 .O. A sample was taken for measurement of uninduced enzyme levels, and glycerol was added to the remainder of the culture to a final concentration of 0.5% (w/v). After incubation for about 3 h in the presence of glycerol, the mycelium was harvested and extracts were prepared and assayed for glycerol kinase and G3P dehydrogenase activity. * Grown for only 1 h in the presence of glycerol.
The activity of G3P dehydrogenase increased with pH between 6-5 and 7.5 (Fig. 3) . No further increase occurred at pH 8.0.
Since G3P dehydrogenase is membrane associated in E. coli (Weiner & Heppel, 1972) , activities of the S. coelicolor enzyme were measured in supernatant fractions prepared under different conditions of centrifugation. There was no difference in activity in supernatants prepared at 1700 g, 12000 g and 20000 g for 30 min. Approximately 40% of the activity was lost from supernatant fractions prepared at 105000 g for 1 h, suggesting that the enzyme is at least partly associated with the particulate fraction of the mycelial extract.
Both glycerol kinase and G3P dehydrogenase were stable (retaining more than 90% activity) in washed mycelium stored at -20 "C or -70 "C for at least 7 d. However, G3P dehydrogenase obtained from frozen mycelium was less stable in extracts maintained at 25 "C than that obtained from fresh mycelium; the stability at 0 "C was unchanged.
Induction of glycerol kinase and G3P dehydrogenase by glycerol Cultures of S. coelicolor growing with arabinose as the carbon source contained very low activities of both glycerol kinase and G3P dehydrogenase (Fig. 4a, b) . When these cultures were supplemented with glycerol, the specific activities of both enzymes began to increase within 5 min (Fig. 4a) and continued to increase for about 2.5 h (Fig. 4b) . The specific activities of both enzymes at 2.5 h were similar to those in cultures grown overnight in the presence of arabinose and glycerol, indicating that steady state levels of the two enzymes had been attained by this time. The fully induced enzyme activities in the arabinose-glycerol medium were about 35-fold higher than the uninduced levels. The addition of rifampicin before glycerol completely prevented induction (Fig. 4b) . The activity ratio of glycerol kinase to G3P dehydrogenase was essentially constant over the induction periods in both experiments (Fig. 4c) , indicating that the enzymes were co-ordinately induced by glycerol. Glucose kinase levels were unchanged throughout the course of the experiments (Fig. 4a, b) .
Glycerol kinase and G3P dehydrogenase activities in mutants unable to utilize glycerol Mutants defective in glycerol utilization (Gyl) were of three phenotypes, based on their sensitivity to inhibition by glycerol when growing on arabinose. Gyl-mutants were not inhibited, GylS mutants were strongly inhibited, and Gylx mutants were partially inhibited by glycerol. Representative mutants of each phenotype were examined for the presence of glycerol kinase and G3P dehydrogenase after induction by glycerol ( Table 2 ). The two Gyl-mutants lacked both enzyme activities, even, in the case of 51438 (data not shown), after overnight growth in the presence of arabinose and glycerol. The GylS mutant, 51436, contained normal levels of glycerol kinase, but was clearly deficient in G3P dehydrogenase activity. The uninduced glycerol kinase activity in 51436 was about three times higher than that of other strains. The one Gylx mutant tested, 51443, had apparently normal activities of both glycerol kinase and G3P dehydrogenase.
The eflect of other carbon sources on the expression of glycerol kinase and G3P dehydrogenase The activities of both glycerol kinase and G3P dehydrogenase were generally lower when S. coelicolor was grown in medium containing glycerol and another carbon source (Table 3) . Table 3 . Eflect of other carbon sources on the expression of the gyl enzymes 5802 was grown in LMPC containing 0.5% (w/v) glycerol plus the indicated carbon sources, each at 0.5% (w/v) final concentration. The cultures were grown overnight to densities of 0.3-1.0 (A6oo). The mycelium was collected, extracts were prepared and glycerol kinase and G3P dehydrogenase activities were determined. Table 4 . Glucose utilization and glucose repression in the dog mutants
Glycerol kinase and G3P dehydrogenase activities were measured in cultures grown overnight in LMPC containing glycerol (0.5%, w/v) plus glucose (0.5%, w/v) and glycerol (0.5%, w/v) alone. The figures in the last two columns are derived from the ratios of the specific activities obtained with and without glucose, respectively. Glucose kinase activities represent the average relative activities obtained in cultures grown in LMPC plus glycerol and glucose, and in YEME plus 0.5% (w/v) arabinose. Glucose kinase activity was measured in the S12 fraction using the G6PD coupled assay.
Specific activity with glucose present (%) * td, doubling time in medium containing glucose as the sole carbon source (reproduced from Hodgson, 1982) .
Glucose exerted the strongest effect, reducing the activities of both enzymes to 20% of control levels. Fructose, galactose, arabinose, cellobiose and maltose depressed the activities to a lesser extent than glucose, while pyruvate enhanced them. The effects of cellobiose and maltose were most likely due to their hydrolysis to glucose, the much stronger effect of cellobiose perhaps reflecting a more rapid hydrolysis. The activities of glycerol kinase and G3P dehydrogenase were altered co-ordinately by all the compounds tested, with the possible exception of pyruvate. This suggests that the effects were exerted at a regulatory site controlling the expression of both enzymes.
Glucose eflects on the expression of the glycerol catabolic enzymes in DogR mutants The isolation and preliminary characterization of DogR mutants of S. coelicolor strain 5802 have been described (Hodgson, 1982) . Representatives of the three classes of DogR mutants, distinguished by their capacities to utilize glucose as carbon source, were tested for their sensitivity to glucose repression of the glycerol catabolic enzymes; glucose kinase activities were also measured ( Table 4) . Extracts of all three mutants contained very low levels of glucose kinase activity. This was especially marked for the dog-2 mutant, despite its relatively good growth on glucose. The dog-l and dog-3 mutants were entirely insensitive to glucose repression of glycerol kinase and G3P dehydrogenase, while the dog-2 mutant was partially sensitive. In general, the sensitivity of the DogR mutants and their parent to glucose repression appeared to be related to their abilities to catabolize glucose.
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DISCUSSION
Glycerol catabolism in S . coelicolor occurs by means of a soluble glycerol kinase and an NADindependent ~-glycerol-3-phosphate dehydrogenase which appears to be membrane associated. The same pathway is utilized in Bacillus subtilis (Mindich, 1968) and in aerobically growing E. coli (Lin, 1976) . The K, values of the S . coelicolor glycerol kinase (9 VM) and G3P dehydrogenase (7 mM) for glycerol and L-G3P, respectively, were very similar to those reported for the E. coli enzymes (10 p~ and 2-23 mM, respectively; Lin, 1976) .
The specific activity of glycerol kinase in S . coelicolor extracts was several times higher than that of G3P dehydrogenase. Although it is possible that the activity difference was due to incomplete release of G3P dehydrogenase from the membrane, this seems unlikely since increasing the sonication time nearly threefold failed to enhance the specific activity of G3P dehydrogenase in the S12 fraction (E. T. Seno, unpublished data). The activity difference may be due to G3P dehydrogenase being less active in uitro than in uiuo.
The co-ordinate induction of glycerol kinase and G3P dehydrogenase by exposure to glycerol, and the lack of one or both of these enzymes in mutants unable to grow on glycerol, indicate that they are the primary enzymes of glycerol catabolism in S . coelicolor. The absence of G3P dehydrogenase activity in 51436 and the presence of normal levels of glycerol kinase were consistent with its observed sensitivity to glycerol. Glycerol sensitivity has been associated with loss of G3P dehydrogenase activity in E. coli (Cozzarelli et al., 1965) and B. subtilis (Oh et al., 1973) , and it presumably results from the toxic effects of the accumulation of G3P (Hennen et al., 1978) . The mutation (gylBI3) in 51436 is probably in the structural gene for G3P dehydrogenase .
The absence of both glycerol enzymes in the Gyl-mutants 51438 and 51440, might be explained by either of two plausible hypotheses: (1) that these strains are glycerol kinase mutants, and G3P is the actual inducer of the enzymes, or (2) that the strains contain a mutation in a positive regulatory protein. G3P is clearly the inducer of the glp regulon in E. coli (Cozzarelli et al., 1968 ) and it appears to be the inducer of the glycerol catabolic enzymes in B. subtilis (Lindgren & Rutberg, 1974) . G3P dehydrogenase cannot be induced by glycerol in glycerol kinase mutants of either species (Koch et al., 1964; Lindgren & Rutberg, 1974) . Streptomyces coelicolor, unlike E. coli or B, subtilis, apparently cannot transport G3P since it is unable to utilize this compound as a carbon source (Hodgson, 1980; E. T. Seno, unpublished data) . Thus, induction of the glycerol enzymes by G3P cannot readily be tested. However, the relatively high uninduced level of glycerol kinase observed in 51436 (GylS) suggests that G3P is the inducer in S. coelicolor. A similar observation has been made in G3P dehydrogenase mutants of E. coli, and it presumably results from partial induction of the glp regulon by the endogenous accumulation of G3P (Cozzarelli et al., 1968) .
The mutations in 51438 and 51440 might, alternatively, be in a gene coding for an activator protein. Although the glp system is negatively controlled in E. coli (Cozzarelli et al., 1968) , it may be positively controlled in B . subtilis (Lindgren & Rutberg, 1976) .
The nature of the mutation in J 1443 (Gyl") is not clear, since it contained apparently normal activities of glycerol kinase and G3P dehydrogenase. Moreover, mutations generating the Gyl" phenotypes were unlinked to those associated with the Gyl-and GylS phenotypes (E. T. Seno, C. J. Bruton & K. F. Chater, unpublished observations). This suggests that the gene(s) defective in Gylx mutants may affect glycerol utilization indirectly.
The co-ordinate depression of glycerol kinase and G3P dehydrogenase activities by growth in the presence of other carbon sources (except pyruvate, which acted as a weak, possible discoordinate, inducer of the enzymes; Table 3) suggests that the effect was exerted at the level of transcription of a polycistronic mRNA coding for both enzymes. This effect was most likely due to catabolite repression. An alternative explanation, inducer exclusion, is less probable because of the high permeability of bacterial membranes to glycerol (Richey & Lin, 1972; Alemohammad & Knowles, 1974) . In addition, a previous investigation has shown that a glycerol-induced facilitated transport system was active in mycelium of S . coelicolor grown in medium containing glycerol and glucose, indicating that glucose could not prevent glycerol induction of the system (Hodgson, 1982) .
